Objective The acute effects of the angiotensin II receptor antagonist losartan on uric acid and oxypurine metabolism were evaluated.
Introduction
For hypertensive patients with hyperuricemia, blood pressure should be lowered with antihypertensive drugs that have a favorable effect on uric acid metabolism.Several angiotensinconverting enzyme inhibitors, including captopril and enalapril, have demonstrated a beneficial effect on the serum uric acid level by increasing urinary uric acid excretion in hypertensive patients (1, 2) . Several calcium channel antagonists are also known to have uricosuric effects (3, 4) . The angiotensin II receptor antagonist losartan has demonstrated significant uricosuric activity and has been found to lower serum uric acid concentrations (5-7). Puig et al (8) observed that losartan, but not eposartan, increased the serum concentration and fractional excretion of uric acid in hypertensive patients. Furthermore, losartan significantly increased the urinary excretion of purine bases and oxypurinol in healthy subjects treated with allopurinol (9) . If losartan decreases the plasma concentration of xanthine as well as hypoxanthine, the precursor of uric acid, the reduction of plasma precursor of uric acid might contribute to the reduction of uric acid.
In the present study, we investigated the effects of losartan on uric acid and oxypurine metabolism in healthy subjects without allopurinol treatment and compared these effects with those of the angiotensin-converting enzyme inhibitor enalapril.
Design and Methods
Six Japanese healthy male volunteers (age 24 to 28 years, mean 26±2 years; mean body mass index 22.6±3.6) gave their informed consent and participated in the study. None of them had hypertension, diabetes mellitus or albuminuria. They received losartan (50 mg, BANYUPharmaceutical Co., Ltd., Tokyo) orally and were permitted to consume water freely in order to obtain >100 ml/h of urine samples. Blood pressure and pulse rate were measured every 30 minutes during the study.
Blood and urine samples were collected before the experiment and 1, 2, 4, 6 hours after drug administration. Uric acid and creatinine levels were measured in serum and urine samples by an enzymatic method. Serum and urinary electrolyte concentrations were measured by standard automated procedures. Plasma and urinary oxypurine (hypoxanthine and xanthine) concentrations were measured by high performance liquid chro- 
Hours after administration Hours after administration c d the same extent (83±11 to 73±8 mmHgand 82±8 to 73±5 mmHg,respectively). Losartan induced a significant 3.95-fold increase in plasma angiotensin II, while enalapril did not induce an increase (0.86-fold). The two agents did not influence the plasma aldosterone concentration (85±3 1 to 85±34 pg/ml with losartan, and 79±24 to 77±14 pg/ml with enalapril Losartan also induced significant increases in the urinary uric acid/creatinine ratio (0.40±0.06 to 0.8210.09, p<0.01) and the fractional uric acid excretion (4.7±1.6% to 13.6±3.8%, p<0.01), all of which reached a maximumvalue after 2 hours (Fig. 1C,   ID ).
Losartan significantly increased the plasma concentration ofhypoxanthine (0.58±0.08 jig/ml to 0.83±0. 16 jig/ml, p<0.01), peaking in the fourth hour. Losartan did not increase the xanthine concentration significantly (0. 17±0.04 |Lig/ml to 0.23±0.09 |Lig/ml at 6 hours, p=0.24; Fig. 2A ). Losartan induced timedependent decreases in the urinary hypoxanthine/creatinine ratio (1.35±1.07xl0-2 to 0.47±0.06xl0-2, p<0.05) and the fractional excretion of hypoxanthine (23.5±18.9% to 6.5±2.2%, p<0.05), whereas the urinary xanthine/creatinine ratio and the fractional excretion of xanthine were unchanged (Fig. 2B) . On the other hand, enalapril did not significantly change the plasma concentration and urinary clearance of either hypoxanthine or xanthine (data not shown). After losartan administration, the peak plasma losartan concentration was reached at one hour (238±163 ng/ml) and the plasma losartan concentration was lowered significantly at 2 hours (129±97 ng/ml at 2 hours, 35±10 ng/ml at 4 hours and 17±9 ng/ml at 6 hours). The active metabolite E-3 174 was found to have a longer half-life than losartan (352±86 ng/ml at 2 hours, 341±126 ng/ml at 4 hours and 21 1±70 ng/ml at 6 hours).
Discussion
In the present study, losartan had no effect on the glomerular filtration rate of normotensive subjects. During the investigation, sufficient urine samples were obtained to avoid changes in glomerular filtration rate and urate reabsorption into the renal tubule. Losartan induced transient significant increases in urinary excretion, urinary clearance, and fractional excretion of uric acid, accompanied by increases in plasma oxypurine concentrations without changesin urinary oxypurine clearance. Our data support the notion of the potent inhibitory effect of the parent compoundof losartan on the urate/anion transport in the human renal proximal tubule presented by Burnier et al (6) and Roch-Ramel et al (9) . The time course of uric acid excretion was consistent with that of the changes in the plasma losartan concentration. Thus, our data suggest that losartaninduced uricosuria is not related to the renin-angiotensin system but to a specific characteristic of the losartan molecule.
According to Sweet et al (10) , the fractional excretion of uric acid was not significantly altered by intravenous administration of E-3 174, the main active metabolite of losartan.
On the other hand, uricosuric effect was not observed with the angiotensin-converting enzyme inhibitor, enalapril in the present study. Although several reports have indicated that captopril and enalapril have a uricosuric effect (1, 2) in 4 weeks after their administration, these studies did not demonstrate the acute effect of angiotensin-converting enzymeinhibitor on lowering serumuric acid concentrations several hours after administration of a single drug dose. According to Schmitt et al (ll) and Tikkanen et al (12), captopril and enalapril did not lower the serum uric acid concentration by increasing urinary uric acid excretion in hypertensive patients. Although angiotensin-converting enzymeinhibition mayaugmenturate secretion into humanproximal renal tubules, the effect of losartan on urate/anion transport is thought to be more potent than that of captopril and enalapril. Furthermore, we demonstrated that losartan and enalapril lower mean blood pressure and induce an acute increase in urinary sodium excretion without any influence on the glomerular filtration rate or plasmaaldosterone concentrations. It is generally recognized that the extent of urinary urate reabsorption is dependent on that of urinary sodium reabsorption. However, our data indicate that losartan, but not enalapril, increases urinary urate excretion after a single dose administration; the losartan-induced uricosuric effect is not mediated by the increase in urinary sodium excretion. Since losartan increases plasma hypoxanthine and xanthine concentrations, it is necessary to discuss whether losartan or E-3 174 directly inhibit xanthine oxidase activity, leading to reduced uric acid synthesis or increased oxypurine synthesis. Thus, weattempted to investigate the effects of losartan and E-3 174 on plasma and urinary concentrations of oxypurines and on xanthine oxidase activity. According to our preliminary study, losartan and E-3174 did not inhibit xanthine oxidase activity in an in vitro experiment (data not shown). Losartan has a transient uricosuric effect, on the other hand it induced a decrease in the urinary excretion of hypoxanthine in the present study. Since uric acid, oxypurinol and xanthine partly share the renal transporter, a decrease in oxypurine clearance cannot be explained by the inhibitory effect of losartan on the urate/anion transport in the humanrenal proximal tubule as presented by Burnier et al (6) and Roch-Ramel et al (9) . Yamamoto et al (13) reported that losartan (100 mg) combined with allopurinol lower the plasma concentrations of uric acid, xanthine and oxypurinol and increase their urinary excretion of oxypurinol at 3 hours after losartan administration. However, losartan did not alter the renal transport of hypoxanthine, of which the result is opposite that of our data. According to their investigation, changes in uric acid metabolism and oxypurinol were investigated during short intervals, while plasma E-3 174 concentration was unchanged; also they would have found an increase in oxypurine clearance. As they found higher plasma oxypurine and losartan concentrations than in the present study, furthermore, as they used allopurinol, higher plasma hypoxanthine concentrations would be reached compared to our study, and their fractional excretion of oxypurine was over 100%, indicating that oxypurines were secreted into renal tubules throughout their study. Onthe contrary, weused losartan, while hypoxanthine tended to be absorbed into the renal tubule. Therefore, losartan might induce a decrease in hypoxanthine clearance while xanthine clearance is unchanged under lower plasma oxypurine concentration. Losartan might induce an increase in urinary xanthine excretion while the plasma oxypurine concentration is elevated with allopurinol. These data indicate that hypoxanthine might be transported via pathways different from those of uric acid, oxypurinol and xanthine (14) . Our data may indicate that E-3 174 partially acts on one of any renal oxypurine transporters, except for the urate/ anion transport and inhibits secretion of hypoxanthine into renal tubules. Further studies are necesary to investigate the effect of E-3 174 on the renal transport pathway of uric acid and oxypurines.
No part of the work has been published or is under consideration for publication.
